Abstract: Objective: Being overweight or obese comprises a significant risk factor for atherosclerosis. Fat tissue also generates factors stimulating angiogenesis, the process by which new blood vessels form. The purpose of this paper is to assess concentrations of the vascular endothelial growth factor A (VEGF-A) and its soluble type-1 and type-2 receptors (sVEGFR-1 and sVEGFR-2) in plasma of patients with peripheral arterial disease (PAD) depending on the level of nutrition according to body mass index (BMI). Methods: The study group included patients suffering from symptomatic PAD (n=46) in Fontaine classes IIa-IV without any history of neoplastic disease and who have a normal BMI (n=15), are overweight (n=21) or are obese (n=10). The control group (n=30) consisted of healthy non-smoking volunteers who were neither overweight nor obese. Venous blood plasma samples were collected from both groups at rest in the morning to determine plasma concentrations of VEGF-A, sVEGFR-1, and sVEGFR-2 using the enzymelinked immunosorbent assay (ELISA) method. Results: The group of patients with PAD co-existent with being overweight or obese tended to have higher mean concentration levels of VEGF-A and sVEGFR-2 when compared with patients suffering from PAD with normal BMI. A statistically significant positive correlation was obtained between BMI and average plasma concentrations of sVEGFR-2 (R=0.37, P=0.0103). However, no significant correlation was noticed between BMI and VEGF-A or sVEGFR-1 concentrations. Conclusions: A positive correlation determined between the level of antiangiogenic factor and BMI value may be indicative of the linearly growing prevalence of some antiangiogenic factors in patients with metabolic disorders, which may be one of numerous factors contributing to incomplete efficiency of collateral circulation development in patients with PAD.
Introduction
The incidence of overweight people (according to the World Health Organization: body mass index (BMI)=25.0-29.9 kg/m 2 ) and obesity (BMI≥30 kg/m 2 ) is rapidly growing. According to the WOBASZ study of 2005, obesity was identified in 20.2% of women and 20.6% of men in Poland (Biela et al., 2005) . In addition, an increased rate of atherosclerosis including lower limb chronic ischemia and peripheral arterial disease (PAD) can be observed, which remains the leading cause of lower limb amputation (Tendera et al., 2011) . Obesity is conducive to early development of atherosclerosis and is one of the main risk factors for cardiovascular diseases. Patients with PAD revealed increasing angiogenesis: the formation of new blood vessels from pre-existing ones, which is a compensation mechanism in response to ischemia and hypoxia. Vascular endothelial growth factor A (VEGF-A) is a key proangiogenic factor, whereas its soluble type-1 and type-2 receptors (sVEGFR-1 and sVEGFR-2, respectively) are considered to be angiogenic inhibitors (Proczka et al., 2003; Barańska et al., 2005) . The main angiogenesis activators include hypoxia, cytokines, and oncogenes. Fat tissue is the source of many substances such as hormones and cytokines (e.g. interleukin-6) responsible for producing VEGF-A (Lijnen, 2008) .
Atherosclerosis-related complications are the leading cause of death in numerous countries including Poland. Being overweight or obese is a proven risk factor for thromboembolic events, in the case of which haemostatic abnormalities play a crucial role (Świątkowska-Stodulska et al., 2007) . A number of studies have revealed deterioration in the balance between coagulation and fibrinolysis in overweight or obese people; however, there are only few studies concerning the issue of angiogenesis in relation to obese or overweight people and critical lower limb ischemia. The role of angiogenesis is emphasized in many physiological conditions (ulcer healing, monthly cycle, implantation and foetal development) as well as pathological states (tumour development, diabetic retinopathy) (Kajdaniuk et al., 2011) . In addition, angiogenesis has been proven to contribute to the development of fat tissue and obesity (Bouloumié et al., 1998) .
It appears that being overweight or obese may have a significant influence on the individual stages of angiogenesis due to the endocrine role of fat cells as the source of many cytokines and tissue hormones. There have already been attempts to apply proangiogenic factors (e.g. VEGF-A) in patients with limb ischemia for therapeutic purposes (Isner et al., 1996; Skóra et al., 2013) , yet the full effectiveness of such a treatment is not clear. Therefore, researchers constantly seek factors to improve the efficiency of so-called "therapeutic angiogenesis". It can be assumed that being overweight or obese may affect the healing processes of ischemic ulcers.
The aim of this study was to assess the concentrations of VEGF-A, sVEGFR-1, and sVEGFR-2 in plasma of patients with symptomatic PAD depending on the level of nutrition according to BMI, and to analyse the ratio of the concentrations of the angiogenic inhibitory factor to pro-angiogenic factor (sVEGFR-1 and VEGF-A, respectively).
Materials and methods
The study group included patients suffering from symptomatic PAD (n=46), including 18 females and 28 males, with average age (63±8.5) years, and with average BMI=(26.5±4.2) kg/m 2 , without any history of neoplastic disease. The control group consisted of 30 healthy non-smoking volunteers (15 females and 15 males, average age (55.9±5.7) years) who were neither overweight nor obese. Within the group of patients with PAD, three subgroups were determined according to BMI: those with normal body mass (BMI=18.5-24.9 kg/m 2 , n=15), those who were overweight (BMI=25.0-29.9 kg/m 2 , n=21), and those with obesity (BMI≥30 kg/m 2 , n=10). The inclusion criteria were: confirmed by written consent for participation in the study; symptomatic PAD in the form of intermittent claudication or rest pain, also co-existent with ulceration or ischemic necrosis (in case of critical limb ischemia); confirmed by additional testing using the walking test, the ankle brachial index (ABI), and arterial duplex ultrasound. The exclusion criteria were: lack of consent to participate in the study, surgical invasion performed within the last month, venous thromboembolism within the last month, diabetic retinopathy, administration of oral antimetabolites of vitamin K (acenocoumarol, warfarin) or the so-called new oral anti-coagulants (dabigatran etexilate mesilate, rivaroxaban), co-existent diagnosed cancer or pregnancy.
Venous blood plasma samples were collected from the experimental group and the control group at rest in the morning in order to measure concentrations of VEGF-A, sVEGFR-1, and sVEGFR-2 using the enzyme-linked immunosorbent assay (ELISA) method (R & D Systems, USA). Besides this, patients were classified into one of the stages of disease severity according to the Fontaine classification. One of the above-mentioned classification criteria is intermittent claudication (i.e. the distance a patient can walk before the onset of claudication pain related to ischemia preventing walking: over 200 m for class IIa; less than 200 m for class IIb), rest pain (class III) or ischemic ulceration (class IV). The characterization of the study group is shown in Table 1 .
Laboratory tests were carried out on patients hospitalized at the Clinic of Vascular and Internal Medicine of Dr. Jan Biziel University Hospital No. 2 in Bydgoszcz (Poland), who were subject to diagnostic procedures towards PAD and qualified for further treatment. The consent of the Bioethics Commission of Ludwik Rydygier Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Toruń (CM UMK, Poland; document No. 509/2011) was obtained to conduct the tests, and the clinical investigations were carried out in accordance with the Helsinki Declaration. Participation in the study was voluntary and relied on additional collection of venous blood upon expressing free informed consent in writing with a relevant form.
All statistical calculations were performed using Statistica Version 10.0 software (StatSoft Inc., USA). Statistical analysis of the groups and subgroups was conducted using the Kruskal-Wallis test, and correlation was assessed by means of the Pearson and/or Spearman ratio; a significance level of P=0.05 was assumed.
Results
The subgroup of patients with PAD and normal BMI had 2 people classified into IIa, 7 into IIb and 6 into IV class according to the Fontaine classification. In the subgroup of patients with PAD who were overweight there were 3 persons classified into IIa, 13 into IIb, 3 into III, and 2 into IV class according to the Fontaine classification. Ten patients were classified into the IIb class according to the Fontaine classification, and accounted for the subgroup of people suffering from PAD co-existent with obesity. Table 2 shows average plasma levels of VEGF-A, sVEGFR-1, and sVEGFR-2 in the control group and the subgroups of patients according to BMI.
The patients with PAD and normal BMI revealed higher mean VEGF-A levels in comparison to the control group ((76.3±103.6) vs. (18.0±7.7) pg/ml, No statistically significant differences were found in VEGF-A levels between the subgroup with PAD and normal BMI and the subgroups with PAD and high BMI values. However, an increasing trend in VEGF-A levels was observed within the study group in line with BMI growth.
No statistically significant differences were observed within mean plasma levels of sVEGFR-1 between the control group and the subgroups with PAD according to different BMI values. Likewise, the differences in sVEGFR-1 levels between individual subgroups of patients with PAD and normal BMI, overweight or obesity, respectively, were insignificant. Table 2 also demonstrates mean plasma levels of sVEGFR-2 in the study group and the control group. The plasma levels of sVEGFR-2 in the subgroup of patients with PAD and normal BMI are significantly lower than those in the control group ((8329.0± 2658.5) vs. (14 481.5±3669.9) pg/ml, P=0.000001). Lower than control group concentration levels were also observed in the subgroups of patients with PAD co-existent with being overweight or obese ((9731.8± 2142.1) vs. (14 481.5±3669.9) pg/ml, P=0.0004 and (10 688.3±4141.5) vs. (14 481.5±3669.9) pg/ml, P= 0.048, respectively). Besides this, the group of patients with PAD tended to have higher average plasma levels of sVEGFR-2 in line with an increasing BMI value. No statistically significant difference was observed within sVEGFR-2 concentration between the subgroup of patients with PAD and normal BMI and the subgroups of patients with PAD and high BMI. Fig. 1 presents a statistically significant positive correlation between mean plasma levels of sVEGFR-2 and BMI values within the PAD group (R=0.37; P= 0.0103).
No significant correlations were found, though, between BMI and VEGF-A levels or between BMI and sVEGFR-1 levels. Table 3 shows the plasma sVEGFR-1 to VEGF-A ratio within the subjects who suffered from PAD and the control group.
As far as the control group is concerned, the average value of this rate was 10.00±7.49, while in the subgroup of patients with PAD and normal BMI the ratio was 4.16±4.10 and appeared to be significantly lower in comparison with the control group (P=0.014); in the subgroup with PAD co-existent with being overweight it was 1.91±1.05 and was also lower than in the control group (P=0.0001); while in the subgroup with PAD co-existent with obesity it was 2.57±2.22 and was proved to be significantly lower when compared to healthy counterparts (P= 0.0005).
No statistically significant difference was observed as regards the value of this ratio between the Ratios are expressed as mean±standard deviation (SD). The difference is considered to be significant at P-value of <0.05 (in bold)
Fig. 1
Positive correlation between mean plasma sVEGFR-2 levels and BMI value within the PAD group (R=0.37, P=0.0103)
sVEGFR-2 (pg/ml) subgroup of patients with PAD and normal BMI and the patients with PAD and higher BMI values.
Discussion
The study conducted showed that the patients with PAD and normal BMI had over 4-fold higher VEGF-A levels than healthy people, with accompanying lower levels of sVEGFR-2. The patients with PAD who were also overweight or obese were observed to have slightly increased VEGF-A concentrations when compared to the patients with PAD and normal BMI; higher levels of sVEGFR-2 were also observed.
An essential factor affecting increased VEGF-A levels in patients with PAD in comparison with healthy people, as also revealed in this study, is the presence of ischemia and hypoxia. This is the result of reduced blood flow through affected arterial vessels. Such observations can be found in relevant available publications (Findley et al., 2008; Stehr et al., 2010) and our own surveys (Wieczór et al., 2015a; 2015b) . Nevertheless, the present study relied on assessing the possible effect of weight-related disorders on angiogenesis parameters in patients suffering from PAD. Higher VEGF-A levels were observed in overweight or obese patients suffering from PAD, and in patients with PAD and normal BMI when compared to healthy people with normal BMI. This is because arteriosclerosis, leading to narrowing of the lower extremity arteries, is a factor responsible for endomysial ischemia.
Oxygen deficiency in tissues is a strong stimulus that releases VEGF-A, the source of which is probably thrombocytes, inflammatory cells, and endothelial cells. The ischemic stimulus is very strong, as evidenced by a 4-fold higher level of VEGF-A in patients with PAD and normal body weight.
Patients with symptomatic PAD who were also overweight or obese tended to have higher average concentrations of the proangiogenic factor (VEGF-A). Findings concerning statistically insignificant higher VEGF-A levels in obese people, similar to the ones presented in this paper, were obtained by Rehman et al. (2003) ; however, that study was not concerned with patients with arteriosclerosis. Increased VEGF-A levels may be related to the intensification of angiogenic and hypoxia processes in patients with metabolic disorders. The influence of angiogenesis was proved in chronic inflammatory and neoplastic illnesses (Mizia-Malarz et al., 2008) . However, numerous factors contributing to angiogenesis (placenta growth factor (PlGF), fibroblast growth factor (FGF), leptin, osteonectin, adiponectin, resistin, tissue factor (TF), tumor necrosis factor (TNF)-α, insulin-like growth factor (IGF), hepatocyte growth factor (HGF)) were identified in fat tissue. Yet, in vitro tests and studies in animals indicate that VEGF-A synthesized by fat cells has the largest impact on the angiogenic activity of fat tissue (Lijnen, 2008) . In the present study there was a strong upward trend observed in VEGF-A concentration levels in patients with PAD in line with growing BMI values, suggesting that fat tissue is the source of such a concentration. MiyazawaHoshimoto et al. (2003) observed significantly higher levels of VEGF-A in overweight and obese people. Likewise, Silha et al. (2005) found increased VEGF-A levels in the blood of overweight or obese people, but no statistical significance was observed. Their study was also concerned with the issue of worse prognosis in patients with cancer as well as a higher risk of metastases in obese patients.
The literature we analyzed did not provide any studies on VEGF-A levels in patients with PAD who were also overweight or obese. Yet, the papers concerning the analysis of VEGF-A levels and selected risk factors of cardiovascular diseases also cover the assessment of BMI. Namely, two studies performed with large subject populations, the SAPHIR study (Salzburg Atherosclerosis Prevention Program in Subjects at High Individual Risk) in a group of 909 people and the Wada et al. (2011) study involving 423 subjects in the Health Evaluation Centre, investigated VEGF-A levels against BMI values among other things (Sandhofer et al., 2009 ). In the SAPHIR study, VEGF-A levels revealed a positive correlation with BMI values as opposed to the present study, presumably due to the small number of subjects. In their study, Wada et al. (2011) obtained similar findings to those in the SAPHIR study. Likewise, Loebig et al. (2010) , when examining the phenomenon of insulin resistance, observed a positive correlation between VEGF-A levels and BMI values, but only considered the parameters of hormonal balance without taking account of the presence of atherosclerosis.
The sVEGFR-1 is a recognized angiogenic inhibitor. There were no substantial differences found in average sVEGFR-1 levels between patients with PAD and normal BMI and the subgroups with PAD and high BMI values in this study. This is in line with our previous observations in which no significant difference was found between sVEGFR-1 levels in patients with PAD in comparison with healthy people; it is also in line with the relevant literature (Findley et al., 2008; Wieczór et al., 2015b) .
We observed significantly lower sVEGFR-2 levels in the blood of patients with PAD and differential BMI. According to the studies conducted before as well as the recent ones, sVEGFR-2 is a factor forming complexes with it, leading to a reduction in proangiogenic activity by decreasing the bioavailability of VEGF-A to receptors located on the surface of endothelial cells (Kou et al., 2004; Ahmadvand et al., 2010; Liu et al., 2014) . Therefore, decreased levels of sVEGFR-2 result from the fact that this factor has been already used in this process.
In addition, the present study revealed that sVEGFR-2 levels increased in line with higher BMI in patients with PAD, and there was a statistically significant positive correlation between sVEGFR-2 levels and BMI. Therefore, this suggests that fat cells or/and endothelial cells, the number of which increases with increased BMI value (that is, with higher body weight), are probably the source of sVEGFR-2. Like in our study, Silha et al. (2005) obtained significantly higher sVEGFR-2 levels in overweight or obese people as well as a positive correlation between the levels of sVEGFR-2 and BMI without the presence of atherosclerosis.
In the present study we did not obtain significant correlations between BMI and VEGF-A levels or between BMI and sVEGFR-1 levels. However, in the SAPHIR study referred to above, the concentrations of sVEGFR-1 were determined and a positive correlation with BMI was achieved, but no statistical significance was obtained after adjusting the results with the age of subjects and the presence or lack of atherosclerotic lesions in the carotid arteries in the study group (Sandhofer et al., 2009) .
As the available literature suggests, sVEGFR-1 is a recognized antiangiogenic factor. Therefore, the ratio of sVEGFR-1/VEGFR-A levels was applied as a measure of VEGF-A bioavailability in blood. The analysis of this rate conducted in the control group revealed a 10-fold antiangiogenic prevalence expressed by the ratio of sVEGFR-1 to VEGF-A levels. This prevalence was considerably lower (the ratio was 4.16; P=0.014) in the group of patients with PAD and normal BMI. Overweight and obesity co-existent with PAD led to a further decrease in the ratio to 1.91 in patients with PAD co-existent with being overweight (P=0.0001) and 2.57 in the patients with PAD and obesity (P=0.0005). Research into the sVEGFR-1 inhibitory mechanisms in relation to the angiogenic process suggests that the main direction of inhibition concerns blocking of VEGFR-2 present on the cell membrane and thus decreased availability of this receptor for VEGF-A (Liu et al., 2014) . Yet, in this study no significant differences were observed within sVEGFR-1 levels between the control group and the study group with PAD and differential BMI. This suggests that a very strong growth in VEGF-A levels is the main cause of the reduced antiangiogenic potential (Rość et al., 2014) .
The findings obtained in this study confirm the complex nature and contribution of numerous factors in the angiogenic process in patients suffering from atherosclerosis in the context of metabolic disorders, including the phenomena occurring in fat tissue (Lijnen, 2008) . This surely requires further study in large populations of patients with PAD, with consideration of the participation of other angiogenic factors.
Conclusions
Co-existence of being overweight or obese in patients with symptomatic PAD probably affects increased angiogenic processes. Irrespective of BMI value and metabolic disorders, lower extremity artery disease remains the basic factor of ischaemia and hypoxy of peripheral tissues. The determined positive correlation of the angiogenic inhibitor concentrations (sVEGFR-2) and BMI may suggest that some factors inhibiting the angiogenic processes tend to prevail in patients with atherosclerosis co-existent with being overweight or obese and emphasizes the role of fat tissues next to endothelial cells in producing sVEGFR-2.
Compliance with ethics guidelines
Radosław WIECZÓR, Anna Maria WIECZÓR, Grażyna GADOMSKA, Katarzyna STANKOWSKA, Jacek FABISIAK, Karol SUPPAN, Grzegorz PULKOWSKI, Jacek BUDZYŃSKI, and Danuta ROŚĆ declare that they have no conflict of interest.
All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008. Informed consent was obtained from all patients included in the study. Additional informed consent was obtained from all patients for whom identifying information is included in this article.
